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PLASTIC GREENHOUSES 
SINCE 1938, WHEN POLYETHYLENE SHEET FILM WAS first made by the British, scientific developments and refinements 
have made possible the manufacture of plastics suitable for use in 
greenhouse construction. This is a matter of great interest throughout 
the United States at the present time because plastic materials are 
relatively inexpensive and are adaptable for both small backyard green­
houses and commercial enterprises. A polyethylene plastic greenhouse 
can often be constructed for one-third or less the cost of a glass green­
house, which is one of the obvious reasons for the popularity of plastic 
as a greenhouse material. And while well-built structures (covered 
with semi-permanent plastic and having proper heating and ventilating 
systems) can cost as much as glass greenhouses over the long run, a 
grower can reduce his initial costs by building a plastic greenhouse with 
his own labor, using his own materials, while fitting the job into his 
own work schedule. 
Greenhouses covered with plastic films can be used to grow any 
crops that are currently grown in glass greenhouses. Some growers 
have expanded operations by adding plastic houses to their glass range 
and have used them succe 'sfully for year-round production of flower 
and vegetable crops. However, because of low cost, plastic greenhouses 
have distinct advantages for seasonal use such as the growing of spring 
bedding plants or summer flower crops. In this case, the structure can 
remain unheated and unused during the severe winter months. 
Plastic greenhouses can be considered temporary structures and 
for this reason they have a tax advantage. They usually have a lower 
tax assessment than a glass greenhouse or are not subjected to any tax 
at all. Also, the cost of the structure can be depreciated over a relatively 
short time. Many plastic greenhouses cannot be insured because of their 
construction or their impermanent nature. 
One must not think, of course, that plastic greenhouses offer all the 
advantages of glass greenhou es. Most plastic structures are not as 
neat and attractive as glass greenhouses. In many ways, more exact 
cultural treatment and management is required to grow crops under 
plastic. Plastic differs from glass in both physical and chemical char­
acteristics, the result being different light conditions, different temp­
eratures, and different humidity. Well-made plastic greenhouses­
those in which adequate ventilating and heating systems have been in­
stalled - may, however, under proper management conditions, be ex­
tremely satisfactory structure. in which to grow crops. It has been said 
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t h a t  c r o p s  c a n  b e  o f  e v e n  b e t t e r  q u a l i t y  w h e n  g r o w n  u n d e r  p l a s t i c .  
T h i s  m a y o r  m a y  n o t  b e  t r u e ,  b u t  e x p e r i e n c e  i n d i c a t e s  t h a t  e q u a l l y  h i g h  
q u a l i t y  c r o p s  c a n  b e  p r o d u c e d  u n d e r  p l a s t i c .  
B U I L D I N G  L O C A T I O N  
T h e  l o c a t i o n  o f  a  n e w  g r e e n h o u s e  m u s t  b e  c a r e f u l l y  c o n s i d e r e d .  
F o r  c o n v e n i e n c e  t h e r e  s h o u l d  b e  a c c e s s  t o  a  g o o d  r o a d .  N e a r n e s s  t o  
e l e c t r i c i t y  a n d  a n  a d e q u a t e  s u p p l y  o f  c l e a n  w a t e r  w i l l  r e d u c e  t h e  i n i t i a l  
c o s t .  L a r g e  a m o u n t s  o f  w a t e r  a r e  n e e d e d  t o  p r o d u c e  c e r t a i n  c r o p s  a n d  
f o r  t h i s  r e a s o n  a  g o o d  w a t e r  s u p p l y  c a n n o t  b e  o v e r e m p h a s i z e d .  I t  h a s  
b e e n  e s t i m a t e d ,  f o r  e x a m p l e ,  t h a t  m o r e  t h a n  3 3 0 , 0 0 0  g a l l o n s  o f  w a t e r  
a r e  n e e d e d  t o  g r o w  o n e  a c r e  o f  t o m a t o e s  u n d e r  g l a s s .  
I t  i s  a d v a n t a g e o u s  t o  b u i l d  a  g r e e n h o u s e  o n  a  d e e p ,  w e l l - d r a i n e d  
s o i l .  L o c a t i o n s  w i t h  a n  u n u s u a l l y  h i g h  w a t e r  t a b l e  s h o u l d  b e  a v o i d e d .  
T h e  s i t e  s h o u l d  h a v e  g o o d  a i r  a n d  w a t e r  d r a i n a g e .  D o  n o t  b u i l d  n e a r  
t r e e s ,  b u i l d i n g s ,  o r  o b j e c t s  t h a t  w i l l  s h a d e  p a r t  o f  t h e  g r e e n h o u s e  o r  
w h e r e  l i m b s ,  s t o n e s ,  o r  d e b r i s  m a y  b e  d i s l o d g e d  a n d  c a u s e  d a m a g e .  T o  
h e l p  s a v e  f u e l ,  b u i l d  i n  a n  a r e a  t h a t  i s  p r o t e c t e d  f r o m  s t r o n g  w i n d s  
a n d  w i n t e r  s t o r m s .  A l l o w  a m p l e  r o o m  f o r  f u t u r e  e x p a n s i o n  a n d  f o r  
c o n s t r u c t i o n  o f  h e a d h o u s e s  o r  o t h e r  w o r k  a r e a s .  
O r i e n t a t i o n  i s  n o t  c o n s i d e r e d  t o  b e  c r i t i c a l .  A  n o r t h - s o u t h  o r i e n t a ­
t i o n  p r o b a b l y  g i v e s  t h e  b e s t  y e a r - r o u n d  l i g h t ,  e s p e c i a l l y  f o r  l o n g - s e a s o n  
c r o p s  o r  f o r  s p r i n g  o r  s u m m e r  p r o d u c t i o n .  A n  e a s t - w e s t  o r i e n t a t i o n ,  
e s p e c i a l l y  w i t h  w i d e l y  s p a c e d  n o r t h - s o u t h  r o w s ,  p r o v i d e s  m a x i m u m  
l i g h t  f o r  m i d - w i n t e r  g r o w t h .  
N a t u r a l l y ,  i t  i s  d e s i r a b l e  t o  l o c a t e  c l o s e  t o  y o u r  m a r k e t  a n d  t o  a  
s o u r c e  o f  r e l i a b l e  l a b o r .  
P L A S T I C  G L A Z I N G  M A T E R I A L S  
T h e  c h o i c e  o f  g l a z i n g  f i l m  i s  i m p o r t a n t  a n d  d e p e n d s  o n  d u r a b i l ­
i t y ,  i n t e n d e d  u s e ,  a n d  c o s t .  A  g r o w e r  m a y  n e e d  a  l o n g - l a s t i n g  f i l m  o r  
o n l y  a  p r o t e c t i v e  c o v e r  f o r  a  f e w  m o n t h s .  F o r  t h e  l a t t e r  u s e ,  p o l y e t h y l ­
e n e ,  w h i c h  i s  i n e x p e n s i v e  a n d  b r e a k s  d o w n  a f t e r  a  r e l a t i v e l y  s h o r t  
e x p o s u r e ,  w o u l d  b e  t h e  b e s t  c h o i c e .  F o r  m o r e  p e r m a n e n t  u s e ,  v i n y l s ,  
p o l y e s t e r ,  a n d  r i g i d  f i b e r g l a s s  p l a s t i c s  a r e  a v a i l a b l e .  E a c h  h a s  i t s  
a d v a n t a g e s  a n d  d i s a d v a n t a g e s .  
I n  a d d i t i o n  n e w  g l a z i n g  f i l m s  a r e  b e i n g  d e v e l o p e d  a n d  t e s t e d .  F o r  
e x a m p l e ,  t h e  D u P o n t  C o m p a n y  i s  t e s t i n g  a  p o l y v i n y l  f l u o r i d e  f i l m  
c a l l e d  T e d l a r  w h i c h  h a s  l a s t e d  f o r  m o r e  t h a n  t e n  y e a r s  i n  F l o r i d a .  
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When available, and when properly installed, this film is expected to 
give several years of greenhouse service. DuPont is also experimenting 
with a fluorinated ethylene propylene film called Teflon which may 
have a longer life. Several other companies are also developing im­
proved and longer lasting plastic films. 
Transmission of light through most of the plastic films is adequate 
for good crop growth even though not the same as transmission through 
glass. Polyethylene and some of the vinyls transmit more of the ultra­
violet spectrum, but this increased ultraviolet energy has not been shown 
beneficial to plant growth. The light transmitted through many plastics 
is more diffused, although this does not necessarily mean that there is 
less light penetration. Some plastics do transmit less light than glass, 
but this may be of negligible significance since most plastic structures 
have less overhead structural framework and correspondingly less 
shading. 
Below are descriptions of plastics presently available for covering 
greenhouses. The cost in terms of square footage of ground covered 
can be estimated by multiplying 2.4 or 2.0 times the film cost for a 1,000­
or 4,000-square-foot house, respectively. The cost naturally would be 
lower for larger houses. 
Polyethylene 
Polyethylene is available in thicknesses of 1 to 8 or more mils 
( 1 mil equals 0.001 inch) and in widths up to 40 feet folded or 14 feet 
unfolded. For greenhouse covering, 4- or 6-mil polyethylene is recom­
mended for the outside covering, and 2- or 4-mil for the inside. (The 
advantages of double layering are discussed below.) Thinner gauge 
polyethylene can be used but it punctures more readily and deteriorates 
more rapidly. Polyethylene permits passage of much of the reradiated 
heat energy given off by the soil and plants inside the greenhouse. 
Therefore, after sunset, heat will be lost more quickly from a poly­
ethylene greenhouse than from a glass greenhouse. 
Regular polyethylene will not last through the summer in Illinois 
because ultraviolet light energy causes it to break down. This first 
occurs along or over rafters or along creases where the film was folded. 
In Illinois, polyethylene applied in September or October will begin to 
weaken the following April or May, and will completely tear from the 
rafters by July. Intensive sunlight in early summer will also break down 
polyethylene applied during February or March. 
New ultraviolet-resistant (weatherable) polyethylenes, which con­
tain a UV-inhibitor, last longer than regular polyethylene because the 
6  
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i n h i b i t o r  p r e v e n t s  t h e  r a p i d  b r e a k d o w n  c a u s e d  b y  u l t r a v i o l e t  l i g h t .  
U V - r e s i s t a n t  p o l y e t h y l e n e  i s  a v a i l a b l e  i n  2  a n d  4  m i l  t h i c k n e s s e s  u p  t o  
2 0  f e e t  w i d e .  
W h e n  c o v e r i n g  d u r i n g  l a t e  s u m m e r  o r  e a r l y  f a l l ,  e i t h e r  6 - o r  8 - m i l  
p o l y e t h y l e n e  o r ,  b e t t e r  y e t ,  4 - m i l  w e a t h e r a b l e  ( U V - i n h i b i t e d )  p o l y ­
e t h y l e n e  s h o u l d  b e  u s e d .  F o r  s p r i n g  u s e  o n l y ,  r e g u l a r  4 - m i l  p o l y e t h y l e n e  
a p p l i e d  i n  w i n t e r  o r  e a r l y  s p r i n g  s h o u l d  b e  s a t i s f a c t o r y .  W e a t h e r a b l e  
p o l y e t h y l e n e  s h o u l d  l a s t  s a t i s f a c t o r i l y  t h r o u g h  t h e  s u m m e r  w h e n  a p p l i e d  
i n  t h e  s p r i n g .  I t  i s  d o u b t f u l  i f  4 - m i l  w e a t h e r a b l e  p o l y e t h y l e n e  w i l l  l a s t  
t h r o u g h  t w o  g r o w i n g  s e a s o n s  ( w i n t e r ,  s u m m e r  a n d  w i n t e r )  a s  t h e  i n ­
t e n s i v e  u l t r a v i o l e t  l i g h t  d u r i n g  t h e  s u m m e r  g r e a t l y  w e a k e n s  t h e  f i l m .  
( F a i l u r e  o f  w e a t h e r a b l e  f i l m  a f t e r  e x p o s u r e  d u r i n g  t h e  s u m m e r  m o n t h s  
h a s  b e e n  n o t e d  i n  I l l i n o i s .  )  W e a t h e r a b l e  p o l y e t h y l e n e s  w i l l  u n d o u b t e d l y  
b e  i m p r o v e d  i n  t h e  n e a r  f u t u r e .  
P o l y e t h y l e n e  ( 4 - m i l )  i n  l a r g e  q u a n t i t i e s  c o s t s  a p p r o x i m a t e l y  o n e  
c e n t  p e r  s q u a r e  f o o t .  T h e  n e w  u l t r a v i o l e t - r e s i s t a n t  p o l y e t h y l e n e s  c o s t  
a b o u t  h a l f  a g a i n  a s  m u c h .  
P o l y v i n y l  c h l o r i d e  ( P V C  o r  v i n y l )  
S e v e r a l  v i n y l s ,  3  t o  1 2  m i l s  t h i c k ,  a r e  a v a i l a b l e  f o r  g r e e n h o u s e  
g l a z i n g .  L i k e  p o l y e t h y l e n e ,  v i n y l s  a r e  s o f t  a n d  p l i a b l e ;  s o m e  a r e  t r a n s ­
p a r e n t ,  o t h e r s  t r a n s l u c e n t .  T h e y  a r e  u s u a l l y  a v a i l a b l e  o n l y  i n  4 - t o  6 ­
f o o t  w i d t h s ,  b u t  l a r g e r  c o v e r s  c a n  b e  m a d e  b y  e l e c t r o n i c a l l y  s e a l i n g  
s e v e r a l  n a r r o w  p a n e l s  t o g e t h e r .  M a n y  o f  t h e  f i r s t  v i n y l s  w e r e  n o t  
s a t i s f a c t o r y  f o r  g r e e n h o u s e  f i l m s  b e c a u s e  t h e y  a t t r a c t e d  d i r t  a n d  d u s t  
f r o m  t h e  a i r  a n d  w e r e  s u b j e c t e d  t o  a t t a c k  f r o m  f u n g i ,  b e c o m i n g  q u i t e  
d a r k  a f t e r  a  s h o r t  p e r i o d  o f  u s e .  A l s o ,  m a n y  o f  t h e  e a r l y  v i n y l s  w e r e  
n o t  t e m p e r a t u r e  s t a b l e  a n d ,  p a r t i c u l a r l y  i n  n o r t h e r n  a r e a s ,  c o n t r a c t e d  
i n  c o l d  w e a t h e r  t o  t h e  p o i n t  o f  b u r s t i n g .  P r e s e n t  v i n y l s  w i l l  g e n e r a l l y  
l a s t  f r o m  1 2  t o  2 4  m o n t h s  a n d  c o s t  f r o m  3  t o  1 0  c e n t s  p e r  s q u a r e  f o o t .  
W h e n  c a r e f u l l y  i n s t a l l e d ,  8 - o r  1 2 - m i l  w e a t h e r a b l e  v i n y l s  h a v e  h e l d  
s a t i s f a c t o r i l y  o n  g r e e n h o u s e s  i n  I l l i n o i s  f o r  m o r e  t h a n  f o u r  y e a r s .  W h e n  
d i r t  a c c u m u l a t e s ,  v i n y l - c o v e r e d  g r e e n h o u s e s  m u s t  b e  w a s h e d .  
P o l y e s t e r  ( M y l a r * )  
M y l a r  ( 3  o r  5  m i l s  t h i c k )  i s  a  h i g h - s t r e n g t h  f i l m  w i t h  e x c e l l e n t  
t e m p e r a t u r e  p r o p e r t i e s .  I t  i s  n o t  a f f e c t e d  b y  e x t r e m e  h e a t  o r  c o l d ,  
h a v i n g  e s s e n t i a l l y  a  z e r o  e x p a n s i o n  c o e f f i c i e n t  f r o m  - 6 0
0  
t o  2 0 0
0  
F .  
M y l a r  h a s  l i g h t - t r a n s m i s s i o n  c h a r a c t e r i s t i c s  q u i t e  s i m i l a r  t o  g l a s s .  I t  
w i l l  w i t h s t a n d  m o s t  h a i l .  
* R e g i s t e r e d  t r a d e m a r k  f o r  D u P o n t  p o l y e s t e r  f i l m .  
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Five-mil Mylar is recommended for roof installations and when 
properly installed will last from four to seven years. Mylar costs 
approximately 13 cents per square foot and is available up to 51 inches 
in width. Some growers may object to noise created by rattling of the 
film in windy weather, but this can be somewhat overcome by tight 
installation. Mylar is likely to fail when put on poorly constructed 
frameworks that warp, twist, and sway in the wind. Because of the 
shortcomings of many structures and the requirements for successful 
application of Mylar, Geo. J. Ball, Inc., of West Chicago, Illinois, has 
designed several structures specifically for covering with this film. 
Further information on these structures is found below. 
Rigid fiberglass 
Rigid fiberglass is one of the newer plastics finding specialized uses 
in greenhouse construction. Fiberglass is lightweight, yet strong and 
practically hailproof. Corrugated panels 8 to 12 feet in length, or flat 
fiberglass in rolls, is available in 24- to 48-inch widths. Thicknesses 
range from 3/ 64 to 3/ 32 of an inch. Prices range from approximately 
27 to 78 cents per square foot. Poorer grades may discolor and reduce 
light penetration. Fiberglass structures are being used successfully in 
western areas where light intensity is high, and in other areas for 
growing foliage plants and orchids. The life-span of fiberglass is not 
fully known. Because of its cost, a fiberglass structure may be as 
expensive to build as a glass greenhouse. In selecting a fiberglass con­
sider only the clearest grade; colored fiberglass should be avoided. 
TYPES OF CONSTRUCTION 
An ideal plastic greenhouse affords maximum light penetration, is 
easily ventilated, adequately heated, sufficient in width, and constructed 
to provide for the use of more permanent glazing films as they become 
perfected and available. In building a plastic greenhouse careful con­
sideration should be given to the purpose for which the structure is 
intended, economy of size, and future expansion needs. 
Because plastic is available in large widths and is light in weight, 
the framework can be designed for maximum light penetration, with 
rafters and supporting members widely spaced. Furthermore, the many 
available widths and weights of plastic permit flexibility of shape, size, 
and type of construction. Plastic structures can range from rather 
crude wooden frameworks to completely air-supported houses. Listed 
below are some types of greenhouse construction that have been devel­
oped and proven satisfactory by various agricultural experiment sta­
8  
C I R C U L A R  8 5 7  
t i o n s  a n d  p r i v a t e  i n d u s t r i e s .  N o  a t t e m p t  i s  m a d e  t o  c o v e r  a l l  p o s s i b l e  
d e s i g n s  a n d  m o d i f i c a t i o n s ,  s i n c e  m a n y  g r o w e r s  h a v e  d e v e l o p e d  s t r u c ­
t u r e s  t h a t  s u i t  t h e i r  o w n  p a r t i c u l a r  n e e d s .  A  l i s t  o f  a v a i l a b l e  p l a n s  i s  
i n c l u d e d ,  a n d  t h e  i n t e r e s t e d  g r o w e r  m a y  w r i t e  f o r  w h i c h e v e r  p l a n  
s e e m s  m o s t  s u i t a b l e  f o r  h i s  p u r p o s e s .  ( S e e  t h e  t a b l e  o n  p a g e s  1 6 - 1 7 . )  
C o s t s  o f  p l a s t i c  g r e e n h o u s e s  c a n n o t  e a s i l y  b e  c o m p a r e d  w i t h  c o s t s  
o f  g l a s s  g r e e n h o u s e s .  T h i s  i s  b e c a u s e  m o s t  p l a s t i c  g r e e n h o u s e s  a r e  
t e m p o r a r y  s t r u c t u r e s ,  l a s t i n g  f r o m  5  t o  1 5  y e a r s ,  i n v o l v e  h i g h  m a i n ­
t e n a n c e  c o s t s ,  a n d  a r e  o f t e n  b u i l t  a n d  u s e d  f o r  d i f f e r e n t  p u r p o s e s  t h a n  
g l a s s  g r e e n h o u s e s .  G l a s s  g r e e n h o u s e s  s h o u l d  l a s t  f o r  a t  l e a s t  4 0  y e a r s ,  
a n d  a  u s e f u l  s p a n  o f  6 0  o r  m o r e  y e a r s  i s  n o t  u n c o m m o n .  A  l a r g e  r a n g e  
o f  g l a s s  i n c l u d i n g  e r e c t i o n  c o s t s ,  v e n t i l a t o r s ,  a n d  h e a t  p i p e s ,  c a n  b e  
b u i l t  f o r  $ 1 . 0 0  t o  $ 1 . 5 0  p e r  s q u a r e  f o o t .  S m a l l  ( 1 , 0 0 0  s q u a r e  f o o t )  
g l a s s  g r e e n h o u s e s  m a y  c o s t  a s  m u c h  a s  $ 2 . 7 5  t o  $ 3 . 5 0  p e r  s q u a r e  f o o t .  
T h e  t a b l e  o n  p a g e s  1 6 - 1 7  w i l l  b e  h e l p f u l  i n  d e t e r m i n i n g  t h e  b a s i c  i n i t i a l  
c o s t s  o f  v a r i o u s  k i n d s  o f  p l a s t i c  g r e e n h o u s e s .  
A - f r a m e  
A n  A - f r a m e  p l a s t i c  s t r u c t u r e  w a s  d e s i g n e d  a t  t h e  A g r i c u l t u r a l  
E x p e r i m e n t  S t a t i o n  o f  t h e  U n i v e r s i t y  o f  K e n t u c k y .  T h e r e  h a v e  b e e n  
s e v e r a l  m o d i f i c a t i o n s ,  i n  v a r y i n g  l e n g t h s ,  a n d  i n  w i d t h s  f r o m  1 8  t o  
2 5  f e e t .  T h e  T e x a s  A & M  a n d  U n i v e r s i t y  o f  F l o r i d a  p l a n s  h a v e  a d d e d  
A  K e n t u c k y  A - f r a m e  s t r u c t u r e .  I f  a n  i n s u l a t i n g  l a y e r  o f  p o l y e t h y l e n e  i s  t o  
b e  i n s t a l l e d ,  i t  i s  b e s t  d o n e  f r o m  t h e  o u t s i d e  b e c a u s e  o f  t h e  l o w  c r o s s  r a f t e r  
s u p p o r t  m e m b e r s .  
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everal diagonal bracing wires to provide added strength. In general, 
these structures are among the least expensive and least difficult to 
build. Consideration must be given to the placement of the cross­
rafters. When the cross-rafter supporting members are placed one­
third of the distance or lower on the rafters, it is difficult to work 
around the members and apply an inner insulating layer of polyethylene. 
When the cross-rafter support is high in the peak of the house-
This 17- x 66-foot A-frame plastic greenhouse was designed and built by 
Andrew Sitter of Cobden, Illinois. It is built over four hotbed flues and is 
heated very economically using wood as a fuel. Double layering is used to 
save heat. 
1 0  
C I R C U L A R  8 5 7  
e s p e c i a l l y  i n  n a r r o w e r  h o u s e s  - a n  e s s e n t i a l l y  c l e a r - s p a n  t y p e  o f  s t r u c ­
t u r e  p e r m i t s  e a s y  a p p l i c a t i o n  o f  t h e  i n n e r  l a y e r  o f  p l a s t i c .  T h e  i n n e r  
l a y e r  c a n  b e  a p p l i e d  u n d e r  t h e  c r o s s - r a f t e r  s u p p o r t s ,  l e a v i n g  a  s m a l l  
t r i a n g u l a r  a i r  s p a c e  i n  t h e  p e a k  o f  t h e  h o u s e .  
S c i s s o r s  t r u s s  
T h i s  s t r u c t u r e ,  d e s i g n e d  b y  t h e  V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e ,  u s e s  
2  x  3 - i n c h  r a f t e r s .  T h e  s c i s s o r s  t r u s s  p r o v i d e s  a n  e x c e p t i o n a l l y  s t r o n g  
f r a m e w o r k  a n d  h a s  t h e  a d v a n t a g e  o f  a  s m o o t h  o b s t r u c t i o n - f r e e  i n n e r  
s u r f a c e  f o r  d o u b l e  l a y e r i n g .  U n f o r t u n a t e l y ,  t h e  i n s u l a t i n g  q u a l i t i e s  o f  
t h e  d e a d  a i r  s p a c e  a r e  r e d u c e d  b e c a u s e  o f  t h e  l a r g e  a i r  v o l u m e  i n  t h e  
p e a k  o f  t h e  s t r u c t u r e .  H o w e v e r ,  t h e  s m a l l e r  v o l u m e  o f  a i r  h e a t e d  i n s i d e  
t h e  g r e e n h o u s e  c o m p e n s a t e s  s o m e w h a t  f o r  t h i s  l o s s .  O n e  p o s s i b l e  
d i s a d v a n t a g e  o f  t h i s  p l a n  i s  t h e  l o w  ( 3 - f o o t )  s i d e w a l l .  
T h e  V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  s c i s s o r s  t r u s s  g r e e n h o u s e .  T h i s  i s  a  
p l a n t e d - p o s t  s t r u c t u r e ,  2 1  f e e t  w i d e  w i t h  3 - f o o t  s i d e w a l l s ,  w h i c h  i s  c o v e r e d  
b y  p o l y e t h y l e n e .  I t  u s e s  s c i s s o r s - t y p e  t r u s s e d  r a f t e r s  b u i l t  f r o m  2 1 /  x  3 1 /  a n d  
1 1 /  x  4 1 /  m e m b e r s .  
T r u s s  r a f t e r s  
V e r y  s t r o n g  t r u s s - r a f t e r  s t r u c t u r e s  h a v e  b e e n  d e s i g n e d  b y  G e o .  J .  
B a l l ,  I n c . ,  s p e c i f i c a l l y  f o r  c o v e r i n g  w i t h  M y l a r  f i l m .  T h e s e  a r e  e x c e p ­
t i o n a l l y  s t u r d y  s t r u c t u r e s  a n d  h a v e  b e e n  d e s i g n e d  f o r  2 4  a n d  3 0  f o o t  
11 PLASTIC GREE JHO SES 
widths in multiple lengths of 14 feet . The large trusses, however, are 
heavy and awkward and may require special equipment and costly 
labor for erection, especially in the wider houses. For larger structures 
it is wise to employ professional carpenters, and for this reason labor 
cost for truss-rafter structures can be two or three t imes the actual 
Geo. ]. Ball, Inc., has designed this 24-foot-wide truss rafter structure which 
is made especially for application of Mylar. A plan is also available for a 
30-foot wide structure of the same type. 
A 98- x 96-foot range of Mylar covered greenhouses owned by Schaefer's 
Greenhouse in Montgomery, Illinois. The basic plan is a 24-foot-wide Geo. 
]. Ball, Inc., truss rafter structure, which is adaptable for ridge and furrow 
construction. 
1 2  
C I R C U L A R  8 5 7  
A n  e x c e p t i o n a l l y  s t u r d y  p i p e  t r u s s  s t r u c t u r e ,  2 2  x  1 0 0  f e e t .  T h i s  i s  o n e  o f  
t h r e e  s u c h  h o u s e s  d e s i g n e d  a n d  b u i l t  f o r  h i s  o w n  u s e  b y  W a l t e r  A h r e n s  o f  
D a n v i l l e ,  I l l i n o i s .  
T h e  G e o .  J .  B a l l ,  I n c . ,  3 0 - f o o t - w i d e  c e n t e r  p o s t  s t r u c t u r e .  P l a n s  a r e  a l s o  
a v a i l a b l e  f o r  2 1 1 / z - f o o t  w i d t h .  
PLASTIC GREE HOUSES 13 
cost of materials . These are among the best semi-permanent structures 
thus far designed for plastic greenhouses. Ball's plan # 58 is the only 
clear-span structure that can be recommended for ridge and furrow 
construction in Illinois. Ball also has another plan (#48), a 21 Yz -foot­
wide structure with a center post, that is easier and less expensive to 
build than # 58. 
Truss-rafter structures are well suited for large scale commercial 
flower or vegetable growing operations. Several growers in Illinois 
have designed and constructed their own truss-rafter structures. 
Rigid frame 
Rigid frame structures in which there are no interior supporting 
members to interfere with double layering have been designed in widths 
up to 40 feet. Cornell University has designed an interesting 13-foot­
wide exterior gusset house which might be increased to a width of 
25 feet. Michigan State University has designed an 18-foot-wide 
interior gusset rigid frame structure. The Kentucky Agricultural Ex­
periment Station has designed a rigid frame structure which is among 
the best available for year-round commercial production. This struc­
ture has a 6-foot sidewall and is designed for 30-, 36-, or 40-foot widths. 
In this category there is also a commercial prefabricated house built 
with curved laminated wood rafters manufactured by the Trox Manu­
facturing Company of Battle Creek, Michigan. The Trox house (23 or 
30 feet wide) has very low sidewalls ( low head room), and to produce 
crops such as tomatoes or cucumbers the structure must be raised on 
low foundation sidewalls. This is an attractive house for growing 
plants in a retail roadside business. 
It must be remembered that rigid frame structures have no interior 
members, and supports for crops must be added separately. 
A 23-foot-wide commercial Trox greenhouse built with curved, laminated 
rafters. This attractive structure is also available in 30-foot widths. 
1 4  
C I R C U L A R  8 5 7  
A  1 3 - f o o t - w i d e  e x t e r i o r  g u s s e t  s t r u c t u r e  d e s i g n e d  b y  C o r n e l l  U n i v e r s i t y .  
T h e  p r e f a b r i c a t e d  f r a m e s  c a n  b e  q u i c k l y  e r e c t e d  a n d  c o v e r e d  w i t h  p o l y e t h y ­
l e n e ,  m a k i n g  a  g o o d  t e m p o r a r y  s t r u c t u r e  i n  w h i c h  t o  g r o w  s p r i n g  b e d d i n g  
p l a n t s .  
G o t h i c  a r c h  
T h e  V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  h a s  d e s i g n e d  a  v e r y  a t t r a c t i v e  
g o t h i c  r a f t e r  s t r u c t u r e .  T h e  f r a m e w o r k  c o n s i s t s  o f  b u i l t - u p  r i b - t y p e  
c u r v e d  r a f t e r s .  I t  i s  f a i r l y  e a s y  t o  c o n s t r u c t .  A n  i n n e r  l a y e r  o f  p o l y ­
e t h y l e n e  c a n  b e  v e r y  e a s i l y  a p p l i e d  b e c a u s e  t h e  i n t e r i o r  i s  o b s t r u c t i o n ­
f r e e .  T h i s  g r e e n h o u s e  i s  e x c e p t i o n a l l y  p l e a s i n g  t o  t h e  e y e .  
A  v e r y  a t t r a c t i v e  2 1 - f o o t - w i d e  g o t h i c  a r c h  g r e e n h o u s e  d e s i g n e d  b y  t h e  V i r ­
g i n i a  P o l y t e c h n i c  I n s t i t u t e .  T h e  r i b - t y p e  c u r v e d  r a f t e r s  a r e  n a i l e d  a n d  g l u e d  
t o  s h a p e  i n  a  j i g .  T h e  r a f t e r s  a r e  m a d e  o f  2 "  x  l i z "  l a t h  s t r i p s  a n d  2 "  x  4 "  X  6 "  
s p a c e r  b l o c k s .  
15 PLASTIC GREENHOUSES 
The Canadian Farm Building Plan Service has also designed a 
gothic arch greenhouse built of curved laminated wood rafters. Con­
struction involves considerably more labor than the VPI gothic arch 
structure. A unique feature is a ridge vent running the length of the 
greenhouse. 
An exceptionally well-constructed range of gothic arch plastic structures, 
designed and built by H. Patterson and Sons of Bergenfield, New Jersey. 
These 22-foot-wide greenhouses are constructed of curved, laminated, red­
wood rafters. Note the provision for summer cooling and ridge ventilation 
in addition to fan ventilation. The greenhouses are covered with flat rigid 
fiberglass. 
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A  L o r d  a n d  B u r n h a m  q u o n s e t - t y p e  p l a s t i c  g r e e n h o u s e  c o v e r e d  w i t h  o n e  
p i e c e  o f  p o l y e t h y l e n e .  N o t e  t h e  s p e c i a l l y  d e s i g n e d  a l u m i n u m  r i b s  i n  w h i c h  
w i r e  f i r m l y  s e c u r e s  t h e  p l a s t i c .  
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Quonset-type construction 
There are several kinds of semicircular or quonset-type greenhouse 
structures. Some have been constructed of wood, but usually their 
frames are of metal. One advantage is the ease with which the outer 
layer of plastic can be applied. A large single sheet of plastic covers the 
entire structure and is held down by wire, rope, or wire netting. These 
st ructures, however, must be erected on a short sidewall to use space 
A range of 16- x gO-foot quonset-type structures designed and built by Heap 
Greenhouses, Belleville, Illinois, using locally available materials. These 
structures are heated by two forced warm-air furnaces, one in each end. 
2 0  
C I R C U L A R  8 5 7  
e f f i c i e n t l y  f o r  t a l l  g r o w i n g  c r o p s  s u c h  a s  t o m a t o e s .  T h i s  i n c r e a s e s  t h e  
i n i t i a l  c o s t .  
O f  t h e  s e v e r a l  c o m m e r c i a l  a n d  p r e f a b r i c a t e d  q u o n s e t - t y p e  p l a s t i c  
g r e e n h o u s e s ,  t h a t  m a d e  b y  L o r d  &  B u r n h a m  i s  f o r m e d  o f  s p e c i a l l y  
d e s i g n e d  a l u m i n u m  r i b s  i n  w h i c h  a  c o v e r e d  w i r e  f i t s  s n u g l y  t o  s e c u r e  
t h e  p l a s t i c .  T h o s e  m a d e  b y  N a t i o n a l ,  F o l e y ,  a n d  R o u g h  ( s e e  t h e  t a b l e  
o n  p a g e s  1 6 - 1 7 )  u s e  m e t a l  t u b i n g .  L a r g e - m e s h  w i r e  a t t a c h e d  o v e r  t h e  
c o n d u i t  f r a m e  s u p p o r t s  t h e  p l a s t i c  w h i c h  i s  p u l l e d  t a u t  a n d  f a s t e n e d  
t o  t h e  s i l l  p l a t e  o n  e a c h  s i d e  o f  t h e  h o u s e .  A  n e w  2 2 - f o o t - w i d e  g r e e n ­
h o u s e ,  t h e  P o r t a - G r e e n  ( m a n u f a c t u r e d  b y  W a c o - P o r t e r  C o r p o r a t i o n  
o f  S c h i l l e r  P a r k ,  I l l i n o i s  ) ,  i s  c o v e r e d  w i t h  a  p o l y e t h y l e n e  s l e e v e  w h i c h  
f o r m s  a  t w o - l a y e r e d  s t r u c t u r e .  
A l l  o f  t h e s e  m e t a l - f r a m e  q u o n s e t  s t r u c t u r e s ,  a n d  p a r t i c u l a r l y  t h e  
P o r t a - G r e e n ,  c a n  b e  e r e c t e d  a n d  c o v e r e d  r a p i d l y  a n d  m o r e  e a s i l y  t h a n  
m a n y  o f  t h e  w o o d  f r a m e  s t r u c t u r e s .  M o s t  o f  t h e m ,  e x c e p t  t h e  P o r t a ­
G r e e n ,  c a n n o t  e a s i l y  b e  d o u b l e  l a y e r e d .  S o m e  g r o w e r s  h a v e  c o n s t r u c t e d  
h o m e - m a d e  q u o n s e t  p l a s t i c  h o u s e s  u s i n g  0 - o r  : Y . 4  - i n c h  e l e c t r i c a l  c o n d u i t  
t u b i n g .  S e v e r a l  1 0 - t o  1 6 - f o o t - w i d e  h o m e - m a d e  s t r u c t u r e s  a r e  i n  u s e  
i n  I l l i n o i s  a n d  a r e  v e r y  s a t i s f a c t o r y .  
P a n e l  h o u s e s  
P a n e l s  c a n  b e  c o v e r e d  w i t h  p l a s t i c  a n d  u s e d  o n  s e v e r a l  o f  t h e  
p r e c e d i n g  f r a m e w o r k s .  T h e  w i d t h  o f  m o s t  p a n e l  h o u s e s  i s  l i m i t e d  t o  
t h e  s i z e  o f  t h e  p a n e l  u s e d .  G e o .  J .  B a l l ,  I n c . ,  h a s  d e s i g n e d  a  2 4 - f o o t - w i d e  
s t r u c t u r e  ( P l a n  # 6 8 )  s p e c i f i c a l l y  f o r  c o v e r i n g  w i t h  M y l a r  H a n d i ­
p a n e l s .  A  p l a n  f o r  a  n a r r o w e r  h o u s e  o f  t h i s  t y p e  c a n  a l s o  b e  o b t a i n e d  
f r o m  t h e  B a l l  c o m p a n y  ( P l a n  # 7 8 ) .  A d v a n t a g e s  o f  p a n e l s  a r e  t h a t  
t h e y  c a n  b e  e a s i l y  c o v e r e d  i n d o o r s  a n d  q u i c k l y  i n s t a l l e d .  T h e y  c a n  b e  
t a k e n  d o w n  a n d  s t o r e d  d u r i n g  t h e  s u m m e r ,  o f t e n  d o u b l i n g  o r  t r i p l i n g  
t h e  l i f e  o f  t h e  p l a s t i c .  H o u s e s  b u i l t  w i t h  s l i d i n g  p a n e l s  a r e  e a s i l y  
v e n t i l a t e d .  
P a n e l  h o u s e s  r e q u i r e  e x a c t i n g  c a r p e n t r y ,  a n d  c o n s t r u c t i o n  c o s t s  a r e  
a l s o  l i k e l y  t o  b e  s o m e w h a t  h i g h e r  b e c a u s e  o f  t h e  a d d e d  l u m b e r  a n d  
l a b o r  n e e d e d  t o  b u i l d  t h e  p a n e l s .  P a n e l  h o u s e s  a r e  r e a l l y  a  m o d i f i c a t i o n  
o f  t h e  o l d - t i m e  s a s h  h o u s e s  u s e d  f o r  s p r i n g  p l a n t  g r o w i n g ,  a n d  t h e y  c a n  
b e  u s e d  t o  g o o d  a d v a n t a g e  f o r  t h i s  p u r p o s e .  A l t h o u g h  q u i t e  e x p e n s i v e ,  
r i g i d  f i b e r g l a s s  s h e e t s  o f  t h e  p r o p e r  s i z e  m a k e  g o o d  p a n e l s .  
A i r - s u p p o r t e d  h o u s e s  
A t t e m p t s  a r e  b e i n g  m a d e  t o  d e v e l o p  a i r - s u p p o r t e d  p l a s t i c  g r e e n ­
h o u s e s .  T h e  o u t e r  e d g e s  o f  a  l a r g e  s i n g l e  s h e e t  o f  p l a s t i c  a r e  c o v e r e d  
a n d  h e l d  d o w n  b y  s o i l ,  a n d  t h e  p l a s t i c  i s  h e l d  u p  b y  a i r  p r e s s u r e .  T h i s  
21 PLASTIC GREENHOUSES 
type of house is strictly in the developmental phase, but it may well be 
the temporary house of the future. The main problems to overcome 
result from the breaking down of the plastic at the fo lds, the difficulties 
in securing ventilation and a source of warm air for support, and the 
problem of installing a double insulating layer of plastic. 
AS-mil Scotchpak film (Polyester film reinforced with nylon mesh ) 
has been successfully used at the University of Minnesota for covering 
an air-supported structure. The cost of this material makes it imprac­
tical for use at present. 
- . "'.,.,.~ ,~.,.. . 
:. l: ~~~ # 
~ ~- ." ~ 
. :.." ~ 
f' ~ "'" 
A Cornell panel greenhouse, 16 x 96 feet. Sliding panels 4 x 10 feet provide 
ventilation and are removable for storage during the summer. 
22 CIRCULAR 857 
A 20-foot-wide plant growing structure with low side walls, and coveredwith removable panels. Such a greenhouse can be built and heated inex­pensively to provide space for young spring bedding plants. 
Ridge and furrow construction 
In western areas where there is little or no snow, It IS common to
see large ranges of plastic greenhouses built of relatively lightweight
materials and with rather flat roofs. In Illinois and in northern lati­
tudes, ridge and furrow construction for plastic greenhouses is not
generally recommended. If ridge and furrow construction is to be used,
careful consideration must be given to the snow loads which the struc­
ture must bear. Some ridge and furrow greenhouses have failed
because the supporting framework caved in from the weight of accu­
mulating wet snow. The Geo. J. Ball, Inc., Plan 58 ( see table) is
adaptable for large ranges of ridge and furrow construction. The
structure will support a line load of 26 pounds per square foot which
is equivalent to a vertical snow load of 12 pounds per square foot plus
a wind load of 15 pounds per square foot perpendicular to the roof. 
Other types of construction 
Individual growers can modify the plans discussed above to meet
their specific needs. For example, structures can be built only to pro­
tect summer crops; these can be designed with lighter frameworks and
flatter roofs, provided that the plastic is removed during the winter.
Growers interested only in spring plant growing may choose structures
that have low sidewalls and a sunken walkway down the center of the
house; these have less exposed exterior surface and are easier to heat.
Plans can be modified to meet almost any need, but the grower should
keep in mind the basic building tips offered in the following section. 
23 PLASTIC GREENHOUSES 
For the home owner there are several plans available for small 
backyard greenhouses. 1 These of course can vary tremendously in size 
and cost. Backyard greenhouses may be attached to the home or ga­
rage and may be simply or elaborately designed structures. The basic 
ideas and plans available for commercial plastic are largely applicable 
to these smaller units. 
Because plastic is low in cost, lightweight, and versatile, it is par­
ticularly suitable for use in portable structures, temporary field green­
houses, and row covers. These structures may have rather permanent 
frameworks to which the plastic or plastic panels are attached, or may 
be merely a single wire-supported tunnel row cover. They can be used 
for several succeeding crops and also make possible rotation of the 
planting areas . Portable structures can be stored when not in use to 
extend the life of the plastic covering. There are endless possibilities 
for types of portable plastic structures that may be useful to the indi­
vidual grower. Unfortunately it is not feasible to further elaborate on 
these possibilities in the present publication. 
CONSTRUCTING THE PLASTIC GREENHOUSE 
The framework 
Use good-grade and well-seasoned lumber for constructing a new 
plastic greenhouse. Poorly seasoned lumber will warp and twist, caus­
ing the plastic to fail. Douglas fir is often recommended for building 
greenhouses because it is easy to work with and does not tend to split 
as readily as other kinds of lumber. In some areas, cypress or redwood 
is available and is excellent for greenhouse construction. Paint the 
structure with a good white paint. This will not only improve the 
appearance but will also reflect more light. A white greenhouse paint 
mixture containing a fungicide is preferable. 
Posts and wooden members that will come in contact with the 
ground should be treated (preferably pressure treated) with a good 
1 The following references may be followed by home greenhouse growers. 
"A greenhouse for home gardeners." Texas Agricultural Progress 5(5) : 5-8, 
September-October, 1959. Texas Agricultural Experiment Station, College Sta­
tion, Texas. This plan is also available from Union Carbide Corp., Building Mate­
rials Department, 6855 W. 65th Street, Chicago 38, Illinois. 
An Estat e-Tj!pe Greenhouse for Town and Country Use. Circular 892. Vir­
ginia Polytechnic Institute, Blacksburg, Virginia. 
I-lome Greenhouse, Plan o. 210. Agricultural Engineering Department, Uni­
versity of Connecticut, Storrs, Connecticut. 
Portable Greenhouse-hotbed Combination, Building Plan 77, Agricultural 
Engineering Department, Oregon State University, Corva11is, Oregon. 
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wood preservative. Copper naphthenate in a 2-percent solution is a
good preservative and is safe for greenhouse use. For semi-permanent
structures, consider using treated wood for the entire framework.
N ever use creosote or pentachlorophenol in or around greenhouses
where plants will be grown. Also, do not use wood preservatives that
will react with the plastic when it is applied to the framework. Treating
and painting can be done most quickly and effectively on the ground
before the building is erected.
In general, rafters should not be spaced more than 48 inches apart,
and most experiment stations recommend a 30- to 36-inch spacing.
Spacing closer than 30 inches is not necessary and puts "too much
wood" in the structure, thereby reducing light penetration. Spacing too
far apart weakens the overall structure, and the plastic (polyethylene
and vinyls in particular) will sag, reducing the effectiveness of the
dead air space. 
For areas receiving any appreciable amount of snow, the roof
should be strongly pitched (at least 35 0 ) and the structure and plastic
must be strong enough to bear the weight of anticipated snow. A lso, a
strong pitch will minimize drip from water condensing on the inner
surface of the film. 
In planning the structural framework, consider the type of plastics
available. If the plastic film is to be applied up and over the structure,
space the rafters to make most efficient use of the avai lable widths.
When determining the length of the structure, remember that most
plastics are available in 100-foot lengths. Therefore a \~' ise planner
will build his house 48 or 98 feet long, not exactly 50 or 100 feet. 
Installing the plastic film on wood frame houses 
Apply stretchable glazing films on a calm, warm day. Pull the film
taut to remove sags, but do not stretch it too tightly for it will contract
in cool weather and possibly break loose from the rafters. At the same
time, remember that a sagging film touching the inner layer reduces
the effectiveness of the dead air space.
Remember too that polyethylene first breaks down where it was
creased or folded and along the rafters. Breakdown over the rafters
can largely be prevented and film life extended by using batten strips
at least as wide as the rafter. Holding polyethylene down with wire
netting makes it easier to apply and remove.
When applying longer-life films such as some of the vinyls and
Mylar, it is advisable to use painted :YB- to Yz-inch thick batten strips
and galvanized nails. Double-headed nails are sometimes used because
they are easy to remove. 
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Mylar requires very careful installation, and for this purpose Geo. 
J. 	Ball , Inc., offers the following tips: 
1. 	 Apply Mylar film only on sturdy houses with a maximum rafter 
pacing of 36 inches. 
2. 	Apply lengthwise, overlapping a minimum of 2 inches. 
3. 	 Apply W-I film with the weatherable side up. 
4. 	 Apply in lengths easy to handle at one time. (Lengths exceeding 
50 feet are awkward.) Don't let the film flap in the wind or fold 
over and become creased. 
5. 	 Apply with even tension. Apply tightly and permit no wrinkles. 
6. 	In fastening the film, use a ;yg -inch painted batten strip at least 
the full width of the rafter. Use 4-penny galvanized nails spaced 
four inches apart and staggered. Never put nails within one 
inch of the edge of the film. 
7. 	 Don't carry Mylar over eaves or ridges without continuous frame 
support. 
Often manufacturers will supply instruction tips for applying their 
particular plastics. Follow these tips to insure a longer, trouble-free life. 
Double layering 
The addition of a second inside layer of polyethylene is recom­
mended for plastic greenhouses in the middle and northern latitudes. 
It has been well established that the dead air space created by an 
inner layer of polyethylene will reduce heating costs, often by as much 
as 40 percent. A lso, moisture condensation inside the house will be 
lowered. The dead air space should be at least I inch but not more 
than 4 inches, and preferably between I and 2 inches in width. This 
space should be completely closed and not open to the interior of the 
greenhouse or the outside air. For ease of application, 2- or 4-mil 
polyethylene is recommended. 
The second layer can easily be applied inside the frame of the 
scissors-type and clear-span houses by using staples over a string or 
twine to attach the polyethylene to each rafter. The staples may be 
removed simply by pulling the string. Other ways to apply the inner 
layer are to use a two-inch strip of roofing felt, wood strips, and metal 
or cardboard buttons held in place with small nails. For quonset-type 
structures constructed of ~ - or I-inch conduit or pipe, metal clips are 
available for attaching a layer of polyethylene to the inside of the 
frame. Applying a horizontal layer of polyethylene along the bottom of 
an A-frame or a truss rafter house is not recommended because it will 
bag \\-ith moisture. 
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O c c a s i o n a l l y  i t  i s  a d v i s a b l e  a n d  p r a c t i c a l  t o  d o u b l e - l a y e r  t h e  p o l y ­
e t h y l e n e  o n  t h e  e x t e r i o r  s u r f a c e  o f  t h e  s t r u c t u r a l  f r a m e w o r k .  T o  d o  
t h i s ,  f a s t e n  a  l a y e r  o f  p o l y e t h y l e n e  f i l m  o n  t h e  o u t s i d e  o f  t h e  r a f t e r s  
w i t h  a  s p a c i n g  s t r i p  a t  l e a s t  o n e  i n c h  d e e p  a n d  a s  w i d e  a s  t h e  r a f t e r .  
T h e n ,  o n  t h e  t o p  o f  t h i s  s p a c e r ,  a p p l y  a n  o u t e r  l a y e r  o f  p l a s t i c  ( p o l y ­
e t h y l e n e ,  v i n y l ,  o r  M y l a r )  a n d  a t t a c h  i t  w i t h  a  s t a n d a r d  b a t t e n  s t r i p  t o  
f o r m  a  o n e - i n c h  a i r  s p a c e .  A  p o l y e t h y l e n e  i n n e r  l i n i n g  u n d e r  M y l a r  
w i l l  o f t e n  l a s t  t w o  o r  t h r e e  s e a s o n s .  
B e c a u s e  o f  t h e  i n s u l a t i o n  c r e a t e d  b y  d o u b l e - l a y e r i n g  s n o w  m a y  
a c c u m u l a t e  o n  t h e  r o o f .  T h i s ,  o f  c o u r s e ,  i s  u n d e s i r a b l e ,  b e c a u s e  o f  t h e  
w e i g h t  h a z a r d  a n d  t h e  s h a d i n g  c r e a t e d .  T h e r e f o r e  t h e  s t r u c t u r e  m u s t  
b e  s t r o n g  e n o u g h  t o  c a r r y  a n t i c i p a t e d  s n o w - l o a d s  a n d  t h e  r o o f  s h o u l d  
b e  p i t c h e d  t o  e n a b l e  s n o w  t o  s l i d e  o f f .  
V E N T I L A T I O N  A N D  H E A T I N G  
A d e q u a t e  v e n t i l a t i o n  a n d  h e a t i n g  a r e  e s s e n t i a l  f o r  h e a l t h y  p l a n t  
g r o w t h  a n d  m a x i m u m  c r o p  y i e l d s .  T o o  o f t e n  g r o w e r s  h a v e  i n a d v i s e d l y  
a t t e m p t e d  t o  c u t  c o s t s  b y  u n d e r v e n t i l a t i n g  o r  b y  i n s t a l l i n g  a n  i n a d e ­
q u a t e  h e a t i n g  s y s t e m .  O n e  m a y  i n  f a c t  e x p e c t  a n  a d e q u a t e  v e n t i l a t i n g  
a n d  h e a t i n g  s y s t e m  t o  c o s t  a s  m u c h  a s  t h e  s t r u c t u r e  i t s e l f .  P r o p e r  
v e n t i l a t i o n ,  a i r  c i r c u l a t i o n ,  a n d  h e a t i n g  w i l l  h e l p  p r e v e n t  h i g h  h u m i d i t y ,  
c o n d e n s a t i o n  a n d  d r i p p i n g  o f  m o i s t u r e ,  a n d  s t r a t i f i c a t i o n  o f  c o o l  a i r  
l a y e r s  a t  p l a n t  l e v e l .  
V e n t i l a t i o n  
T h e  p u r p o s e s  o f  v e n t i l a t i o n  a r e  t o  s u p p l y  t h e  c a r b o n  d i o x i d e  n e c ­
e s s a r y  f o r  p h o t o s y n t h e s i s ,  t o  c o n t r o l  h i g h  t e m p e r a t u r e s ,  a n d  t o  p e r m i t  
a t  l e a s t  p a r t i a l  c o n t r o l  o f  h u m i d i t y .  V e n t i l a t i o n  i s  a  c r i t i c a l  p r o b l e m  i n  
p l a s t i c  h o u s e s  b e c a u s e  o f  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  m a t e r i a l .  
V  e n t s .  S i d e  a n d  r i d g e  v e n t s  c a n  b e  u s e d  e f f e c t i y e l y  f o r  y e n t i l a ­
t i o n .  C o n s t r u c t i o n  o f  t h e s e  v e n t s  c o m p l i c a t e s  a n d  i n c r e a s e s  t h e  c o s t  o f  
a n  o t h e r w i s e  r a t h e r  s i m p l e  s t r u c t u r e ,  b u t  i t  i s  c h e a p e r  t h a n  u s i n g  f a n s .  
P a n e l  h o u s e s  a r e  e a s y  t o  v e n t i l a t e  b y  s l i d i n g  t h e  p a n e l s .  M a n u a l  v e n t s  
o r  p a n e l s  r e q u i r e  c o n s t a n t  a t t e n t i o n ,  e s p e c i a l l y  d u r i n g  c l o u d y  o r  c h a n g ­
i n g  w e a t h e r .  
F a n s .  T h e  m o s t  c o n v e n i e n t  w a y  o f  v e n t i l a t i n g  p l a s t i c  g r e e n ­
h o u s e s  i s  t o  i n s t a l l  t h e r m o s t a t i c a l l y  c o n t r o l l e d  f a n s  t o  e x c h a n g e  i n s i d e  
a i r .  S o m e  s t r u c t u r e s ,  s u c h  a s  q u o n s e t - t y p e  s t r u c t u r e s ,  m u s t  b e  v e n t i ­
l a t e d  b y  f a n s .  A  c o m p l e t e  c h a n g e  o f  a i r  e v e r y  1  t o  1 Y z  m i n u t e s  i s  
g e n e r a l l y  c o n s i d e r e d  a d e q u a t e  f o r  w a r m - w e a t h e r  v e n t i l a t i o n .  T h e  f a n  
i s  b e s t  l o c a t e d  o n  t h e  l e e w a r d  e n d  o r  s i d e  o f  t h e  g r e e n h o u s e ,  a w a y  f r o m  
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For improved winter and spring ventilation, fresh air can be drawn in 
through overhead plastic ducts. This prevents cold air from coming directly 
in on the plants and provides uniform ventilation the entire length of the 
structure. The ducts shown here are open to the outside at each end of the 
greenhouse. A 3-inch hole is cut on both sides of the tube every 30 inches. 
When the ventilating fans are running, cool air enters the plastic duct, 
making it look inflated. 
prevailing \\-inds. Two-speed fans are desirable. Automatic outward­
opening intake louvers should be located above crop level on the oppo­
site end or si.de of the house. In larger houses a number of smaller 
ventilating fans are better than one or two large fans. To increase 
ventilating efficiency, the intake louvers on the opposite wall can be 
controlled and operated with the fan diagonally across the building. 
The intake louver should be at least as large in area as the exhaust fan 
to insure an adequate volume of air for summer ventilation. 
During the winter be careful about bringing in cold air from outside 
directly onto the growing crops. It is best to run the fans on slow speed 
and to run only a few of the fans in a wide range. Growers sometimes 
install a small intake opening in the peaks of smaller houses to provide 
winter-time ventilation. For spring and summer production the cover­
ing on side \\-alls or roof can easily be removed to provide maximum 
air movement and ventilation. Likewise, fall crops can be started 
before the covering is put on. Growers may cover the side walls of 
l\1ylar houses with polyethylene for this reason. 
Heating 
Too frequently plastic greenhouses are inadequately heated. Be­
cause these structures are practically airtight, good distribution of heat 
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i s  o f t e n  a  p r o b l e m ,  e s p e c i a l l y  d u r i n g  t h e  w i n t e r  m o n t h s .  C o l d  a r e a s  
a l o n g  t h e  o u t s i d e  w a l l s ,  s e t t l i n g  o f  c o l d  m o i s t  a i r ,  a n d  d r i p p i n g  f r o m  
c o n d e n s a t i o n ,  r e s u l t  i n  p o o r  c r o p  g r o w t h  a n d  m a y  p r o m o t e  c e r t a i n  
d i s e a s e s .  T h e s e  c i r c u m s t a n c e s  c a n  l a r g e l y  b e  o v e r c o m e  b y  i n s t a l l a t i o n  
o f  a  h e a t e r  w i t h  s u f f i c i e n t  c a p a c i t y  t o  m a i n t a i n  p r o p e r  t e m p e r a t u r e s  
d u r i n g  t h e  c o l d e s t  w i n t e r  w e a t h e r  a n d  b y  p r o v i d i n g  f o r  a d e q u a t e  d i s ­
t r i b u t i o n  o f  t h e  h e a t  w i t h i n  t h e  g r e e n h o u s e .  
T h e r e  a r e  m a n y  t y p e s  o f  h e a t e r s  a n d  h e a t i n g  s y s t e m s  t h a t  a r e  
s a t i s f a c t o r y  f o r  p l a s t i c  g r e e n h o u s e s .
1  
T h e  g r o w e r  m u s t  d e c i d e  w h i c h  i s  
b e s t  s u i t e d  f o r  t h e  i n t e n d e d  u s e  o f  h i s  s t r u c t u r e  o n  t h e  b a s i s  o f  c o s t ,  
e c o n o m y  o f  o p e r a t i o n ,  a n d  a v a i l a b l e  f u e l .  E l e c t r i c i t y ,  b o t t l e d  g a s ,  
n a t u r a l  g a s ,  o i l ,  c o a l ,  a n d  s o m e t i m e s  w o o d  c a n  b e  u s e d  a s  f u e l  f o r  
h e a t i n g  p l a s t i c  g r e e n h o u s e s .  I n  s o m e  a r e a s  c o a l  o r  n a t u r a l  g a s  i s  
r e a d i l y  a v a i l a b l e  a t  r e l a t i v e l y  l o w  c o s t .  G a s  o r  o i l  c a n  b e  b u r n e d  
s l i g h t l y  m o r e  e f f i c i e n t l y  t h a n  c o a l ;  f u r n a c e s  u s i n g  t h e s e  f u e l s  r e q u i r e  
l e s s  l a b o r  t h a n  c o a l  f u r n a c e s .  E l e c t r i c a l  h e a t e r s  p r o v i d e  a  c l e a n  d r y  
h e a t ,  b u t  h e a t i n g  c o s t s  c a n  b e  v e r y  h i g h .  I f  t h e r e  i s  s u f f i c i e n t  b o i l e r  
c a p a c i t y ,  g r e e n h o u s e  g r o w e r s  m a y  b e  a b l e  t o  m a k e  u s e  o f  a n  a l r e a d y  
e x i s t i n g  h e a t i n g  s y s t e m  t o  a c c o m m o d a t e  a  p l a s t i c  g r e e n h o u s e  a d d i t i o n .  
A n y  s i z e a b l e  g r e e n h o u s e  s h o u l d  h a v e  a  l o w - t e m p e r a t u r e  w a r n i n g  
s y s t e m  t o  w a r n  t h e  g r o w e r  o f  d a n g e r o u s l y  l o w  t e m p e r a t u r e s  t h a t  m a y  
i n d i c a t e  f a i l u r e  o f  t h e  h e a t i n g  s y s t e m .  A  s t a n d b y  t e m p o r a r y  h e a t i n g  
s y s t e m  i s  w a r r a n t e d  i n  l a r g e  o p e r a t i o n s .  S o m e t i m e s  t w o  s m a l l e r  h e a t e r s  
c a n  b e  u s e d  a d v a n t a g e o u s l y  w i t h  o n e  i n  e a c h  e n d  o f  t h e  g r e e n h o u s e .  
I f  o n e  f a i l s ,  t h e  o t h e r  w i l l  p r o t e c t  t h e  c r o p  f r o m  f r e e z i n g .  
T e m p o r a r y  H e a t e r s .  F o r  s p r i n g  a n d  e a r l y  s u m m e r  p r o d u c t i o n ,  
o r d i n a r y  v e n t e d  s p a c e  h e a t e r s  e q u i p p e d  w i t h  c i r c u l a t i n g  f a n s  c a n  b e  
u s e d ,  a l t h o u g h  g r e e n h o u s e s  u s i n g  s p a c e  h e a t e r s  d o  n o t  a l w a y s  m a i n ­
t a i n  u n i f o r m  t e m p e r a t u r e s .  C o n v e c t i o n - t y p e  h e a t e r s  a r e  a l s o  u s e d  f o r  
t h i s  p u r p o s e .  I n  K e n t u c k y ,  s m a l l  g a s  e L P  o r  n a t u r a l )  h e a t e r s  m a n u ­
f a c t u r e d  b y  t h e  B u r l e y  B u r n e r  C o m p a n y  a r e  u s e d  t o  h e a t  s m a l l  
g r e e n h o u s e s .  T h e y  a r e  m o s t  e f f e c t i v e  w h e n  e q u i p p e d  w i t h  a  b l o w e r  
a t t a c h m e n t .  T h e  L .  B .  W h i t e  C o m p a n y  o f  L a  C r o s s e ,  W i s c o n s i n ,  m a n ­
1  F o r  a  d e t a i l e d  d i s c u s s i o n  o f  h e a t i n g  s y s t e m s  f o r  g r e e n h o u s e s ,  c o n s u l t  t h e  
f o l l o w i n g  r e f e r e n c e s :  
C o m m e r c i a l  F l o w e r  F o r c i n g ,  b y  A l e x  L a u r i e .  D .  C .  K i p l i n g e r  a n d  K e n n a r d  
S .  N e l s o n .  	 M c G r a w - H i 1 1  B o o k  C o m p a n y ,  N e w  Y o r k ,  1 9 5 8 .  C f .  C h a p t e r  3 .  
" G r e e n h o u s e  C o n s t r u c t i o n  a n d  H e a t i n g "  b y  J a m e s  H .  B e a t t i e .  U .  S .  D e p a r t ­
m e n t  o f  A g r i c u l t u r e  F a r m e r s '  B u l l e t i n  N u m b e r  1 3 1 8 ,  R e v i s e d ,  1 9 5 2 .  3 8  p p .  
G r e e n h o u s e  H e a t i n g  a n d  C o n s t r u c t i o n ,  b y  H a r o l d  E .  G r a y ,  F l o r i s t ' s  P u b l i s h ­
i n g  C o m p a n y ,  C h i c a g o ,  1 9 5 6 ,  7 6  p p .  
G r e e n h o u s e s :  T h e i r  C o n s t r u c t i o n  a n d  E q u i p m e n t ,  b y  W .  J .  W r i g h t .  O r a n g e  
J u d d  P u b l i s h i n g  C o m p a n y ,  N e w  Y o r k ,  R e v i s e d  1 9 5 0 .  C f .  C h a p t e r s  1 0 - 1 3 .  
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ufactures a forced draft gas heater and a new He unit that has no fan 
and requires no electricity. With both the Burley and White convec­
tion-type heaters, warmed air is circulated through stove-pipe arranged 
around the perimeter of the greenhouse and the burned gases exhausted 
to the outside. This system has proved satisfactory, although the fuel 
cost may be high unless natural gas is avai lable. For short term use 
these heaters have special merit because of their low initial cost. Do 
not use unvented heaters because fumes will be released which may be 
injurious to the plants in the greenhouse. 
Unit Heaters. Unit heaters are usually installed in the peak of 
the house over the growing crop. They may consist of steam or hot 
water coils with a fan to distribute warm air, or they may have actual 
burners to supply the heat. These heaters have an advantage in not 
taking up usable greenhouse space. It has been demonstrated that 
fewer (but larger) horizontal unit heaters, which blow the heat out 
horizontally, will do the same job as several vertical unit heaters, which 
blow the heat downward. Therefore, as long as the horizontal heaters 
provide adequate distribution of heat in the greenhouse, fewer heaters 
need to be used, and installation costs can be held down. 
For improved circulation of warm air, the fan can be run contin­
uously with only the heating unit thermostatically controlled. It is 
desirable to add heat lines along the outer walls of greenhouses using 
unit heaters. Gas-fired unit heaters are generally expensive to operate. 
Forced Warm-Air Heaters. These are typical residential fur­
naces of the kind that use coal, oi l, natural gas, or propane as fuel and 
force warm air into the greenhouse. With adequate duct work and 
registers to distribute warmed air into the greenhouse, these heaters 
can be used with excellent results. Heating costs may be high, but 
installation costs are relatively low. Forced warm-air heat has been 
found superior to convected heat by research workers at the Virginia 
Polytechnic Institute. Due to good distribution and mixing of heated 
air in the greenhouse, it was found that air temperatures were more 
uniform. Relative humidity can be reduced from 100 percent to 60 
or 70 percent with forced warm-air heat. As a result, less condensa­
tion of moisture occurred inside the greenhouse. 
Boilers. For winter or year-round production, probably the best 
heating system for large greenhouses is a central steam or hot water 
boiler system. In some areas boilers can also be advantageously used 
in smaller plastic greenhouses, and furnaces can often be obtained at a 
reasonable cost. In areas where coal is readily available, a boiler 
heating system is probably the most economical type of heat for year­
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r o u n d  p r o d u c t i o n .  S t e a m  h a s  a n  a d v a n t a g e  i n  t h a t  i t  c a n  a l s o  b e  u s e d  
t o  s t e r i l i z e  g r o w i n g  b e d s ,  p o t t i n g  s o i l ,  e t c .  F o r  p l a s t i c  g r e e n h o u s e s  
o n e  h e a t  p i p e  a r o u n d  t h e  o u t e r  w a l l  o f  t h e  g r e e n h o u s e  a n d  o v e r h e a d  
u n i t  h e a t e r s  w i t h  f a n s  w o u l d  b e  s a t i s f a c t o r y .  O n e  p o s s i b l e  d i s a d v a n ­
t a g e  i s  t h e  d a i l y  l a b o r  o f  t e n d i n g  t h e  f u r n a c e ,  w h i c h  m a y  n o t  b e  
w a r r a n t e d  i n  a  s m a l l  g r e e n h o u s e .  
S i z e  o f  H e a t e r .  T h e  s i z e  o f  t h e  h e a t e r  ( B T U  o u t p u t )  i s  d e t e r ­
m i n e d  b y  t h e  m i n i m u m  t e m p e r a t u r e  r e q u i r e m e n t  o f  t h e  c r o p  t o  b e  
g r o w n ,  t h e  l o w e s t  e x p e c t e d  o u t d o o r  t e m p e r a t u r e ,  a n d  t h e  e x p o s e d  s u r ­
f a c e  a r e a  o f  t h e  g r e e n h o u s e .  H e a t  l o s s  c h a r a c t e r i s t i c s  d i f f e r  s l i g h t l y  
f o r  d i f f e r e n t  k i n d s  a n d  t h i c k n e s s e s  o f  p l a s t i c s .  T h e  a m o u n t  o f  w i n d ,  
o u t s i d e  t e m p e r a t u r e s ,  a n d  e x p o s u r e  o f  t h e  s i t e  w i l l  a l s o  a f f e c t  t h e  r a t e  
o f  h e a t  l o s s .  A  h e a t  l o s s  v a l u e  o f  1 . 2  B T U ' s  p e r  h o u r  o f  e a c h  d e g r e e  
o f  t e m p e r a t u r e  d i f f e r e n t i a l  ( i n s i d e  a n d  o u t s i d e  t e m p e r a t u r e  d i f f e r e n c e )  
p e r  s q u a r e  f o o t  o f  e x p o s e d  s u r f a c e  s e e m s  t o  p r o v i d e  s u f f i c i e n t  m a r g i n  
f o r  m o s t  p l a s t i c  s t r u c t u r e s .  T h e r e f o r e ,  t o  m a i n t a i n  a  t e m p e r a t u r e  o f  
6 0 °  F  .  i n s i d e  a  3 0 '  x  S O '  g r e e n h o u s e  ( w i t h  3 , 0 0 0  s q u a r e  f e e t  o f  e x p o s e d  
w a l l  a n d  r o o f  s u r f a c e )  w h e n  t h e  o u t s i d e  t e m p e r a t u r e  i s  1 0 °  F . ,  a  
h e a t e r  w i t h  a n  o u t p u t  o f  1 8 0 , 0 0 0  B T U ' s  w o u l d  b e  r e q u i r e d .  T h i s  i s  
c a l c u l a t e d  a s  f o l l o w s :  1 . 2  B T U  X  5 0 °  F .  t e m p e r a t u r e  d i f f e r e n c e  X  
3 , 0 0 0  s q u a r e  f e e t  e x p o s e d  s u r f a c e  =  1 8 0 , 0 0 0  B T U  h e a t  r e q u i r e m e n t .  
F o r  d o u b l e - l a y e r e d  s t r u c t u r e s  t h e  h e a t  r e q u i r e m e n t  c a n  b e  r e d u c e d  b y  
a p p r o x i m a t e l y  3 0  p e r c e n t .  F o r  w i n t e r t i m e  v e n t i l a t i o n ,  t h e  h e a t  r e q u i r e ­
m e n t  s h o u l d  b e  i n c r e a s e d  b y  1 5  p e r c e n t .  
A n y  g r e e n h o u s e  s u p p l y  c o m p a n y  o r  h e a t i n g  e n g i n e e r  w i l l  b e  g l a d  
t o  d e t e r m i n e  h e a t  l o s s  a n d  t h e  s i z e  o f  h e a t e r  r e q u i r e d  f o r  a  p a r t i c u l a r  
g r e e n h o u s e .  
C i r c u l a t i n g  F a n s .  I n  i n s t a l l i n g  y o u r  h e a t i n g  s y s t e m  o n e  s h o u l d  
r e m e m b e r  t h a t  c i r c u l a t i n g  f a n s  w i l l  h e l p  t o  d i s t r i b u t e  a i r  a n d  h e a t  
t h r o u g h o u t  t h e  g r e e n h o u s e  a n d  p r o v i d e  m o r e  u n i f o r m  t e m p e r a t u r e s .  
T h e y  h a v e  b e e n  r e p o r t e d  t o  i n c r e a s e  h e a t  e f f i c i e n c y ,  i m p r o v e  p l a n t  
g r o w t h ,  a n d  r e d u c e  d i s e a s e .  F o r  t h i s  p u r p o s e ,  n u m e r o u s  c o m m e r c i a l  
c i r c u l a t i n g  f a n s  a r e  a v a i l a b l e  f o r  g r e e n h o u s e  u s e .  I n  a d d i t i o n  t o  t h e s e ,  
t h e  U n i v e r s i t y  o f  K e n t u c k y  h a s  d e s i g n e d  a  s i m p l e  c i r c u l a t i n g  f a n  
a p p a r a t u s .  A  f a n  p u l l s  a i r  d o w n  f r o m  t h e  p e a k  o f  t h e  h o u s e  t h r o u g h  a  
6 - i n c h  s t o v e p i p e  a n d  f o r c e s  i t  o u t  a t  g r o u n d  l e v e l  t h r o u g h  a  6 - i n c h  
T  - o u t l e t ,  c o n s t a n t l y  m i x i n g  t h e  a i r  i n  t h e  g r e e n h o u s e .  F r e s h  a i r  c a n  b e  
p u l l e d  i n  t h r o u g h  o p e n  r i d g e  v e n t s  d u r i n g  d a y - t i m e  v e n t i l a t i o n .  
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